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RESUMO GERAL 
 
O Brasil, devido à sua grande produção agrícola, é um dos países que mais produz resíduos 
agroindustriais no mundo e observa-se um interesse crescente na busca de alternativas para a 
utilização da matéria orgânica gerada, que atualmente tem sido fonte de poluição do meio 
ambiente. A indústria vinícola tem gerado um grande volume de resíduos que podem constituir 
um material de baixo custo e boa rentabilidade em aplicações tecnológicas, além de conter 
substâncias bioativas de alto valor comercial. Neste estudo; foi avaliado o bagaço de três 
variedades de uva. Ácidos graxos e compostos fenólicos foram idenficados por cromatografia 
líquida e gasosa, respectivamente. A capacidade antioxidante dos extratos fenólicos foi 
avaliada pelos métodos DPPH, ABTS+· e íon ferroso. O bagaço da uva Cabernet Sauvignon 
apresentou os valores mais elevados de compostos fenólicos totais (5.101,82 ± 119,03 mg 
EAG 100 g-1), flavonoides (2.983,91 ± 51,76 mg ECT 100 g-1) e antocianinas monomérica totais 
(2.092,93 ± 71,57 mg mal-3-gli.100 g-1). Além disso, o bagaço de Cabernet Sauvignon 
apresentou os menores valores de EC50 nos testes de DPPH e ABTS, apresentando alta 
atividade antioxidante. 
Palavras-chave: Vitis vinifera, Compostos fenólicos, bagaço de uva, atividade antioxidante. 
 
INTRODUÇÃO E OBJETIVOS - As indústrias de sucos e vinhos geram muitos resíduos 
provenientes do processamento, que poderiam ser aproveitados na indústria farmacêutica, 
cosmética e de alimentos por apresentar em sua constituição substâncias antioxidantes. Este 
estudo teve os seguintes objetivos: (1) caracterizar as amostras de bagaço de uva de três 
variedades (b) avaliar o perfil de ácidos graxos e compostos fenólicos por cromatografia e (c) 
avaliar a atividade antioxidante dos compostos fenólicos do bagaço de uva. 
 
MÉTODOS - O bagaço de uva de cada variedade (Cabernet Sauvignon, Tanat e Merlot) foi 
submetido à secagem em estufa a 50 oC por 12 horas, moído e acondicionado em embalagens 
plásticas até o momento das análises. Foram determinados teores de umidade, minerais, 
acidez titulável, fibras, lipídios, ácidos graxo e pH. Soluções etanólicas dos compostos 
fenólicos foram obtidas das amostras de bagaço de uva. O conteúdo de compostos fenólicos 
totais, flavonoides e antocianinas foram quantificados e a composição fenólica e de ácidos 
graxos foram determinadas por cromatografia. A atividade antioxidante foi avaliada para os 
compostos fenólicos pelos métodos da atividade sequestrante do radical DPPH, ABTS●+ e 
análise da habilidade quelante do íon ferroso. 
 
PRINCIPAIS RESULTADOS – O bagaço da variedade Cabernet Sauvignon apresentou o 
maior conteúdo de lipídios totais e fibras. Os ácidos graxos poliinsaturados foram os principais 
ácidos graxos encontrados no bagaço de uva. O conteúdo de compostos fenólicos, flavonoides 
e antocianinas totais variaram de 3.014,55 a 5.101,82 mg GAE 100g-1, 1.648,28 a 2.983,91 mg 
CTE 100 g-1 e 1.246,85 a 2.092,93 mg mal-3-glu 100g-1, respectivamente. Ácido gálico e 
vanílico foram encontrados nas três amostras de bagaço de uva. Os extratos de compostos 
fenólicos apresentaram alta capacidade antioxidante. A variedade Cabernet Sauvignon 
apresentou os maiores valores de atividade antioxidante. 
 
DISCUSSÃO E CONCLUSÃO - Os resultados encontrados neste estudo mostraram que o 
bagaço de uva é uma fonte rica de minerais, fibras, lipídios e fenólicos. Os ácidos graxos 
poliinsaturados foram os principais ácidos graxos determinados. As amostras apresentaram 
elevados conteúdos de fenólicos totais, flavonoides e antocianinas, destacando a variedade 
Cabernet Sauvignon com os maiores conteúdos. Os extratos etanólicos do bagaço de uva 
também mostraram alta poder antioxidante nos três testes conduzidos. Portanto, o bagaço 
seco de uva pode ser considerado como uma fonte pontencial de compostos bioativos para a 
aplicação em alimentos. 
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GENERAL ABSTRACT 
 
 
Brazil, due to its large agricultural production, is one of the largest producers of agro-industrial 
waste worldwide and there is a growing interest in finding alternatives to the use of organic 
material generated, which currently has been a source of environmental pollution. Wine industry 
has generated a large amount of waste that may be a low cost and good profitability in 
technological applications, besides containing bioactive compounds of high commercial value. 
Grape pomace of three varieties was evaluated in current study.  Fatty acids and phenolic 
compounds were identified respectively by gas and liquid chromatography. Antioxidant capacity 
of the phenolic extracts was determined by three different methods, namely DPPH, ABTS+· and 
ferrous ion assays. Cabernet Sauvignon pomace revealed the higher rates of total phenolic 
compounds (5,101.82 ± 119.03 mg GAE 100 g-1), flavonoids (2,983.91 ± 51.76 mg CTE 100g-1) 
and monomeric anthocyanin (2,092.93 ± 71.57 mg mal-3-glu.100 g-1), coupled to lowest EC50 
rates in DPPH and ABTS assays, showing a high antioxidant activity. 
 
Keywords: Vitis vinifera, phenolic compounds, grape pomace, antioxidant activity. 
 
INTRODUCTION AND AIMS - Wine and juice industries produce high amounts of waste from 
its processing, which might be used in the pharmaceutical, cosmetic and food industry for its 
antioxidants substances. This study had the following objectives: (1) to characterize grape 
pomace samples from three varieties (b) to evaluate the profile of fatty acids and phenolic 
compounds by chromatography and (c) to evaluate the antioxidant activity of phenolic 
compounds of three varieties of grape pomace. 
 
METHODS – Grape pomace of each variety (Cabernet Sauvignon, Tanat and Merlot) was dried 
(50 ºC) in an air circulation oven for 12 hours, milled and placed in sealed plastic bags until 
assays. Moisture, ash, acidity, fibre content, total lipids, fatty acids and pH were determined. 
Ethanolic solution of phenolics compounds were obtained from grape pomace samples. The 
content of total phenolic compounds, antocianins and flavonoids were quantified and the 
phenolic content and fatty acids were determined by chromatography. The antioxidant capacity 
was evaluated for pomace trough scavenging activity of DPPH, ABTS●+ and ferrous ion assays.  
 
MAIN RESULTS – Cabernet Sauvignon pomace showed the highest lipids and total fiber 
level. The polyunsaturated fatty acids were the main fatty acids found in grape pomace. The 
content of phenolic compounds, flavonoids and anthocyanins ranged respectively between 
3,014.55 and 5,101.82 mg GAE/100g, 1,648.28 and 2,983.91 mg CTE/100 g and 1,246.85 and 
2,092.93 mg mal-3-glu/100g. Vanillic and gallic acid were found in three samples of grape 
pomace. The phenolic compounds extracts showed high antioxidant capacity. Cabernet 
Sauvignon variety showed the highest values of antioxidant activity 
 
os principais ácidos graxos determinados. As amostras apresentaram elevados conteúdos de 
fenólicos totais, flavonoides e antocianinas, destacando a variedade Cabernet Sauvignon com 
os maiores conteúdos. Os extratos etanólicos do bagaço de uva também mostraram alta poder 
antioxidante nos três testes conduzidos. Portanto, o bagaço seco de uva pode ser considerado 
como uma fonte pontencial de compostos bioativos para a aplicação em alimentos. 
 
 
DISCUSSION AND CONCLUSION – The results of this study showed that grape pomace is 
a rich source of mineral, fibre, lipids and phenolics. The polyunsaturated fatty acids were the 
main fatty acids determined. Samples showed high contents of total phenolics, flavonoids and 
anthocyanins highlighting the variety Cabernet Sauvignon with the highest contents. The 
phenolic extracts of grape pomace also showed high antioxidant capacity in the three assays. 
Thus, the dried grape pomace can be considered as a potential source of antioxidant activity for 
food application.  
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Abstract 
 
Grape pomace is an agro-industrial residue produced worldwide and mainly employed 
for animal feed or as a fertilizer. Several studies have shown that grape pomace is a 
rich source of bioactive compounds, such as phenolic compounds, polysaccharides, 
fatty acids and others. Three varieties of grape pomace were evaluated in current 
study. Antioxidant activity was determined by three different methods, namely, DPPH●, 
ABTS and ferrous ion assays. Fatty acids and phenolic compounds were identified 
respectively by gas and liquid chromatography. Results showed that grape pomace is a 
rich source of polyunsaturated fatty acids and phenolic compounds. Cabernet 
Sauvignon pomace revealed higher values of total phenolic compounds, total 
flavonoids and total monomeric anthocyanin, and presented the lowest value of EC50, 
and thus a higher antioxidant activity among the samples analyzed. 
 
Keywords: Grape; Vitis vinifera; antioxidant potential; phenolics.  
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INTRODUCTION 
Grape is one of the fruits most widely cultivated around the world with an 
estimated production at over 69 million tons in 2012 (FAO, 2014). More than 80% is 
used for the manufacture of juice and wine (Schieber et al., 2001). A significant amount 
of residues is generated from the processing of grapes, especially grape pomace which 
mainly consists of peels, seeds and stems (Yu & Ahmedna, 2013). These residues are 
generally underestimated and used in animal feed (with low nutritional value), 
transformed into a fertilizer and even discarded in the environment with all the 
problems that this involves (an increase of soil acidity, phytotoxicity, production of 
methane gas, among other problems) (Fontana et al., 2013). 
However, grape pomace may become a product with potential economic return 
since it is the source of bioactive compounds (phenolic compounds, fatty acids, 
pectins, etc) that may be used in the manufacture of food products. Among its 
applications, Garrido et al. (2011) showed that red grape pomace extracts in pork 
burgers improves the colour stability, prevents lipid oxidation and increases 
acceptability of the product. Tseng and Zhao (2013) demonstrated that wine grape 
pomace is an alternative source of antioxidant compounds and dietary fibre, besides 
decreasing lipid oxidation in samples during the refrigeration of yogurts and salad 
dressing. Furthermore, grape pomace may be used in ethanol production and in the 
recovery of organic acids, while the grape seeds are a source of several types of oil. 
Finally, the skin may be used to recover hydrocolloids and phenolic compounds 
(Baydar & Akkurt, 2001; Schieber et al., 2001, Rodríguez et al., 2010, Rockenbach et 
al. 2011). 
Among the various bioactive compounds found in grape are the phenolic 
compounds with their antioxidant properties (Ruberto et al., 2007; Sagdic et al., 2011), 
fatty oils (Arvanitoyannis et al., 2006; Yi et al., 2009) and dietary fibre (Llobera & 
Cañellas, 2007; Deng et al., 2011). In this work, the pomace from Merlot, Cabernet 
Sauvignon and Tanat grape varieties were analyzed with regard to their 
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physicochemical properties, fatty acids, phenolic compounds, pectins and in vitro 
antioxidant capacity (DPPH●, ABTS and ferrous ion assays). 
 
MATERIALS AND METHODS 
 
Chemicals 
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS), 2,2-diphenyl-1-
picrylhydrazyl (DPPH●), Folin-Ciocalteau reagent, standards of fatty acid methyl esters 
(FAME 189-19), chemical HPLC-grade standards (purity ≥ 95%) of gallic acid, vanillic 
acid, ferulic acid, and resveratrol were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). Methanol and phosphoric acid were HPLC-grade, while the other reagents used 
in the experiments were of analytical grade. The aqueous solutions were prepared with 
ultra-pure water (Milli-Q, Millipore, São Paulo SP Brazil). 
 
Preparation of samples 
Three samples of grape pomace from the species Vitis vinífera of the varieties 
Merlot, Tanat and Cabernet Sauvignon, cultivated and harvested in the region of 
Toledo PR Brazil in 2012 (subtropical climate), were selected. Grapes were pressed 
and the juice remaining was used for winemaking. The press residue was 
considered the grape pomace. Furthermore, 30 kg of each variety of pomace were 
dried (50 °C) in an air-circulation oven (Quimis, Brazil) for 12 hours, ground in a knife 
mill, vacuum packed and stored at – 18 °C until analysis. 
 
Physicochemical characterization 
Moisture, mineral residue (ash), pH and total acidity were determined following 
methods by IAL (2008) and results were expressed in percentages and g of tartaric 
acid, equivalent per 100g of sample, respectively. Total fibre was determined by 
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methodology described by Gomes and Oliveira (2011) and results were given in 
percentage (dry weight). 
Total lipids were measured by the method described by Bligh and Dyer (1959), 
with minor modifications. First, 15 g of sample were homogenized with 30 mL of 
methanol and 15 mL of chloroform for 5 min by magnetic stirring. After, 15 mL of 
chloroform was added and stirred for 2 min. The method required that the ratio of the 
solvents methanol, chloroform and water would be 2:2:1.8 (v/v/v) in relation to the 
sample´s mass. Thus, 25.66 mL, 25.83 mL and 25.74 mL of distilled water were added 
for the respective extraction of the Merlot, Cabernet and Tanat varieties to adjust the 
amount of water while taking into consideration the moisture of each sample 
(determined gravimetrically). Homogenization continued for further 5 min. The 
samples were vacuum-filtered by a Büchner funnel and the solid residue was washed 
twice with 10 mL of chloroform under stirring, for 5 minutes, followed by filtration. The 
filtrates were combined and quantitatively transferred to a separation funnel containing 
10 mL of a saturated sodium chloride solution. After complete phase separation (24 h 
in the dark), the lower phase containing the total lipid dissolved in chloroform was 
collected in a weighed 250 mL flat-bottom flask and the solvent completely removed 
with a rotary vacuum evaporator at 35 ºC. The upper phase was discarded. The flat-
bottom flasks were weighed again and total lipid contents determined gravimetrically. 
Results were expressed in g 100 g-1 of sample. All analyses were performed in 
triplicate. 
 
Pectin extraction 
Pectin content was determined according to Masmoudi et al. (2008), where 10 g 
of dry grape pomace were added to 400 mL of phosphate-citrate buffer (1:50, w/v) at 
pH 3.0. The samples were incubated in a shaker under constant agitation (250 rpm) at 
80 °C for 2 hours. The suspension was immediately filtered and the liquid obtained was 
centrifuged (6,000 g, 30 min). Two volumes of ethanol (95%, v/v) were added to one 
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volume of the extracts so that the polysaccharides extracted could be precipitated. The 
mixture obtained was maintained for 2 hours at 4 °C before filtration. The precipitate 
was washed three times with ethanol, 50, 75 and 100% and filtrated to remove mono 
and disaccharides. The pectin polysaccharides extracted were dried at 50 °C until 
constant weight and stored at room temperature until analysis. 
 
Fatty acids of grape pomace   
Following methodology by Hartman and Lago (1973), modified by Maia and 
Rodriguez-Amaya (1993), the fatty acid methyl ester (FAME) was obtained. Fatty acids 
were separated with Finnigan gas chromatograph model 9001 (Austin, Texas, USA) 
with a flame ionization detector (FID) and coupled to a fused silica capillary column 
SGE BPX70 (60 m x 0.25 mm, 0.25 μm). The injector and detector temperatures were 
respectively 250 °C and 255 °C, whereas carrier gas was hydrogen, with a flow of 1.2 
mL min-1, and injection technique was split 1:80, with a volume of 1 μL of the sample. 
Analysis conditions were programmed with an initial temperature of 185 °C for 10 min 
with an increase of 4 °C min-1 to 240 °C, keeping the same temperature for 1.25 min. 
The total time of run sample was 25 min. The fatty acids were quantified in mg of fatty 
acid g-1 of lipid by internal standard using the methyl ester of tricosanoic acid (23:0Me). 
The fatty acids were identified according to the retention time of fatty acid methyl esters 
standards and calculated following Visentainer (2012). 
 
Extraction procedure of phenolic compounds 
A preliminary study was performed with ethanol and distilled water ranging from 
0 - 100% (v/v) to determine the optimum extraction condition. Optimum condition was 
established at 40% of ethanol for the proportion of solute/solvent of 1:20 (w/v). The 
extraction was carried out with Falcon tubes in a rotating mixer for 24 hours and the 
supernatant (extract) was used for the quantification of phenolic compounds, 
flavonoids, anthocyanins and antioxidant capacity. 
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Total phenolic content (TPC) 
TPC of grape pomace extracts was determined by colourimetric analysis using 
Folin-Ciocalteau reagent, as described by Singleton and Rossi (1965), with minor 
modifications. In a test tube, 1,500 μL of distilled water, 30 μL of diluted sample (1:10 
for Cabernet and Merlot and 1:5 for Tannat) and 150 μL of reactive Folin-Ciocalteau 
were added. After 3 minutes, 450 μL sodium carbonate (15%) and 870 μL of distilled 
water were added in each tube and contents stirred for 10 seconds in a vortex. After 
two hours, the absorbance was measured using a spectrophotometer (model UV/VIS 
T-80, PG Instruments Limited, Beijing, China) at a wavelength of 765 nm. The 
measurement was compared to a calibration curve of gallic acid (GA) [y = 0.0011x – 
0.0516; R2 = 0.9955; P< 0.001] and the results were given in milligrams of gallic acid 
equivalents (GAE) per g of extract [mg GAE g-1]. All analyses were in triplicate. 
 
Total flavonoid content (TFC) 
TFC was quantified by an aluminium chloride colourimetry assay (Chang et al., 
2002). Briefly, 250 μL of diluted extract (1:20) was mixed with 1,250 μL of distilled 
water and 75 μL of a 5% sodium nitrite solution. After 6 min, 150 μL of a 10% 
aluminum chloride solution reacted for another 5 min. Furthermore, 500 μL of 1 mol L-
1 sodium hydroxide solution and 275 μL of distilled water were added to the tubes, a 
total volume of 2,500 μL. The absorbance was read against a reagent blank (40% 
ethanol solution) at a wavelength of 510 nm with spectrophotometer (model UV/VIS T-
80, PG Instruments Limited, Beijing, China). The measurement was compared to a 
calibration curve of catechin (CTE) [y = 0.0029x + 0.0145; R2 = 0.9906; P< 0.001] and 
results were expressed as milligrams of catechin equivalents (CTE) per litre [mg CTE 
L-1]. All analyses were in triplicate. 
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Total monomeric anthocyanin (TMA) 
TMA content was determined by differential pH as proposed by Giusti and 
Wrolsted (2001). Aliquots (100 μL) of ethanol extracts were mixed in 1900 μL of 
potassium chloride (0.025 molL-1, pH 1.0) and sodium acetate (0.4 mol L-1, pH 4.5). 
Absorbance (A) was determined at 520 and 700 nm with spectrometer (model UV/VIS 
T-80, PG Instruments Limited, Beijing, China). Equation 1 was used for calculation: 
 
TMA = A × MM × FD × 1000
λ × ε  (1) 
 
where, MM is the molar mass of cyanidin-3-glucoside (449.2 gmol-1); FD is the dilution 
factor; ε is the molar extinction coefficient (26,900 L-1mol-1); λ is the optical path length 
of the cuvette (1 cm). All analyses were in triplicate. 
 
Measurement of in vitro antioxidant capacity 
DPPH assay was performed following Mensor et al. (2001), with minor 
modifications. Briefly, every diluted extract sample was added (2.5 mL) to 1 mL of a 0.3 
mmolL-1 methanol DPPH solution. The mixture was stored in the dark for 30 min and 
the absorbance at 517 nm was measured with spectrophotometer (model UV/VIS T-80, 
PG Instruments Limited, Beijing, China). Methanol was used as a negative control 
(blank). The free-radical scavenging activity of each extract toward DPPH radical was 
calculated with Equation 2: 
 Antioxidant	activity	%	inhibition= 1-Abs517	sample/Abs517	blankx100 (2) 
For the ABTS assay, the procedure followed method by Thaipong et al. (2006), 
with minor modifications. First, two stock solutions comprising 7.4 mmolL-1 ABTS 
radical solution and 2.6 mmol L-1 potassium persulfate solution were prepared. The 
working solution was prepared by mixing the two stock solutions at equal quantities 
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and allowing them to react for 12 h, at room temperature, in the dark. The solution (1 
mL) was diluted in 60 mL of methanol to obtain a constant absorbance of 1.1 at 734 
nm. Each diluted grape pomace extract was added (150 μL) to react with 2,850 μL of 
ABTS solution. The mixture was stored in the dark for 2 h and the absorbance at 734 
nm was measured with spectrophotometer (model UV/VIS T-80, PG Instruments 
Limited, Beijing, China). Ethanol (40%) was used as a negative control (blank). The 
free-radical scavenging activity of each extract toward ABTS radical was calculated 
with Equation 3: 
 
Antioxidant activity (% inhibition) = 1 − Abs)/Absblank)100 (3) 
  
 According to methodology by Senevirathne et al. (2006), the capacity of ferrous 
ion of grape pomace extracts was determined. First, 700 μL of diluted extracts and 175 
μL FeCl2 (0.5 mmolL-1) were mixed in test tubes and stirred in vortex; then, absorbance 
(A1) at 500 nm was taken with spectrophotometer (model UV/VIS T-80, PG Instruments 
Limited, Beijing, China). Further, 175 μL of ferrozine (0.5 mmolL-1) was added and the 
solution was stirred for 1 min in vortex. The mixture was incubated in the dark, at room 
temperature, for 20 min and absorbance (A2) was measured within the same conditions 
as before. Ethanol (40%) was used for negative control and EDTA (0.5 mM) for positive 
control. The chelating activity (CA%) was determined by equation 4: 
 
CA	%= 	1 − A	( ) − A	( )A	− A	()× 100 (4) 
 
EC50 calculation methods for assessing antioxidant capacity 
Different concentrations of the extracts of grape pomace were used to obtain 
EC50 values. The concentrations of the pomace extracts used in the antioxidant 
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assays were: DPPH (5.0 – 20 mg of pomace.mL-1 of ethanolic solution), Ferrous 
ion (1.0 – 8.0 mg of pomace.mL-1 of ethanolic solution) and ABTS 0.15 – 1.0 for 
Cabernet, 0.25 – 1.5 for Merlot and 0.5 – 2.0 mg of pomace.mL-1 of ethanolic 
solution (40%). EC50 values were obtained by linear and non-linear regression, where 
the abscissa represented the concentration of the dilution used and the ordinate was 
the percentage of antioxidant activity.  
 
Quantification of phenolic compounds by HPLC 
Analysis of the phenolic compounds was based on methodology by Haminiuk et 
al. (2012a), with some minor modifications. Extracts were filtered by a syringe filter 
0.22 µm of nylon (Millipore, São Paulo, Brazil) prior to analysis and 10 μL of the sample 
was injected. HPLC apparatus (model Ultimate 3000 Dionex, Idstein, Germany) was 
coupled to a photodiode array detector (model Ultimate 3000 Dionex, Idstein, 
Germany), a pump and an auto sampler. Data were collected by Chromeleon software. 
Separation was performed on an Acclaim® 120 C18 measuring 4.6 mm x 250 mm, 5 
µm (Dionex, Salt Lake City, USA) at 40 °C. The mobile phase was composed of 
solvent A (1.0% phosphoric acid, v/v) and solvent B (methanol). The following gradient 
was applied: 0-15% B for 2 min; 15-25% B for 5 min; 25-30% B for 10 min; 30-35% B 
for 15 min; 35-50% for 25 min; 50-60% B for 30 min; 60-80% B for 35 min; 80-100% B 
for 45 min, followed by washing and reconditioning of the column. The flow rate was 
1.0 mL min-1, and the runs were monitored at 280 nm, 320 nm and 370 nm. 
Quantification was performed by using calibration curves of standards. All analyses 
were in triplicate. 
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Data analysis 
Data are given as mean ± standard deviation (SD). All variables were checked 
for normality (Shapiro-Wilk test) and their homogeneity of variance analyzed by F test 
(two groups) or by Levene test (p ≥ 0.05). Differences among groups were assessed by 
means of Student´s t test for independent samples (two groups) or one-way ANOVA, 
followed by Fisher LSD test. A p-value below 0.05 was considered significant. All 
statistical analyses were performed with Statistica 7.0 (StatSoft Inc., USA). 
 
RESULTS AND DISCUSSION 
The physicochemical characteristics of grape pomace showed significant 
difference (p£ 0.05) among the varieties of grapes studied for moisture, minerals, pH, 
pectin, total fibre, total acidity and total lipids (Table 1). Moisture content ranged 
between 3.46 and 9.35%; minerals between 4.66 and 5.62%; pectin between 3.46 and 
6.99%; total fibre between 43.68 and 52.43%; total acidity between 3.57 and 4.22 g 
100 g-1; total lipids between 7.80 and 8.95 g 100 g-1. The pomace of Cabernet 
Sauvignon grapes had higher contents of total lipids and total fibres, while the pomace 
of Tanat presented the minor levels. The Merlot variety showed higher levels of 
moisture, pectin and minerals. The physicochemical contents were consistent with 
results by Tseng and Zhao (2012) for wine grape pomace of Pinot Noir and Merlot 
varieties and by Yi et al. (2009) for grape pomace of Cabernet Sauvignon and Royal 
Rouge, with total fibre ranging between 55.4 and 56.9 g 100 g-1 and mineral residue 
content between 6.97 and 7.58 g 100 g-1. 
Ten fatty acids were detected in the grape pomace samples with significant 
difference (p£ 0.05) among the varieties (Table 2). Contents of total saturated fatty 
acids (SFA) corresponded to an average of 14% of total fatty acids (TFA), with values 
between 117.79 and 157.07 mg g-1. Oils from olive and sunflower sources showed 
highly similar characteristics of SFA contents, respectively with 13.40 and 13.05% (Ai 
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et al., 2014). Cabernet Sauvignon pomace had the highest SFA level among the 
samples and Merlot pomace the lowest.  
Monounsaturated fatty acid (MUFA) varied between 131.56 and 156.95 mg g-1, 
oleic acid (C18:1 n-9) was the principal MUFA found in Tanat pomace samples, with 
the highest levels. Oleic acid was also the main MUFA in other fruits, such as apples 
(Fromm et al., 2012), strawberries, blackthorn and rose fruits (Barros et al., 2010). 
Oleic acid contents were higher than those in black currant pomace with 74.23 mg g-1 
(Dobson et al., 2012). 
Polyunsaturated fatty acids (PUFA) were the main fatty acids in all grape 
pomace samples, corresponding to 70% of TFA. PUFA contents were higher than 
those determined by Yi et al. (2009) for grape pomace of Royal Rouge and Cabernet 
Sauvignon, respectively with 58.1 and 62.7%. Linoleic acid (C18:2 n-6) was the 
principal PUFA found in the samples whose contents varied between 627.21 and 
684.47 mg g-1, with highest in the Merlot pomace. On the other hand, lower contents of 
linolenic acid (C18:3 n-3) were found in the samples ranging between 11.26 and 19.97 
mg g-1, and the highest values were observed in Merlot variety. The intake of 
polyunsaturated fatty acids is related to health benefits, even though equilibrium 
between linoleic and linolenic acids may be necessary for normal development and 
prevention of chronic diseases (Simpoulos, 1999). The ratio between n-6/n-3 ranged 
between 31.43 and 60.80, whereas ratio by Yi et al. (2009) varied from 20.8 to 36.9. 
Simpoulos (2004) reported that excessive amounts of n-6 and very high n-6/n-3, as 
occurs currently in Western diets, promote the pathogenesis of many illnesses, 
including cardiovascular, cancer, inflammatory and autoimmune diseases.  
Total phenolic contents of grape pomace varied between 3,014.55 and 5,101.82 
mg GAE 100 g-1, with significant differences (p£ 0.05) among samples (Table 3). The 
Cabernet Sauvignon pomace had the highest total phenolic contents and the results 
are in agreement with the values found by Rockenbach et al. (2011) for pomace from 
four red grapes, widely produced in Brazil, ranging between 3,262 and 7,475 mg GAE 
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100 g-1. In addition, total phenolic contents from Sicilian grape pomace were higher 
than those from Brazil grape pomace with variations between 13,980 and 39,770 mg 
GAE 100 g-1 (Amico et al., 2008). Total flavonoids ranged from 1,648.28 to 2,983.91 
mg CTE 100 g-1, with highest values found for the Cabernet pomace (Table 3). Makris 
et al. (2007) evaluated agri-food solid waste extracts of white and red grapes pomace 
and the content of total flavonoids was respectively 2,994.00 and 4,757,00 mg CTE100 
g-1 (corrected for 5% of humidity). The drying process may cause the loss of some 
phenolic compounds and flavonoids. Wojdylo et al. (2009) registered that the drying 
process decreased the amount of anthocyanins and flavanols of strawberry and thus 
caused a decrease in their antioxidant activity.  
Total anthocyanins ranged significantly (p £0.05) between 1,246.85 and 
2,092.93 mg 100 g-1 (Table 3). Cabernet Sauvignon pomace had the highest content of 
total anthocyanin when compared to other types of pomace. Total anthocyanin levels 
found by Thimothe et al. (2007) for freeze-dried grape pomace of eight varieties ranged 
from 590 to 22,700 mg mal-3-glu.100 g-1. The contents of individual anthocyanins in the 
skins of the red grapes pomace were evaluated by Kammerer et al. (2004) with 
malvidin-3-O-glucoside as the predominant anthocyanin, followed by peonidin-3-O-
glucoside. 
Besides the anthocyanins in red grapes pomace, the hydroxybenzoic and 
hydroxycinnamic acids, flavan-3-ols, flavonols, and stilbenes have also been reported 
(Fontana et al., 2013). Some of the phenolic compounds found were quantified in the 
extracts by HPLC (Table 3). Gallic and vanillic acids were found in all pomace extracts. 
The content of gallic acid ranged significantly (p £ 0.05) between 8.20 and 12.88 mg 
100 g-1, with Cabernet pomace showing the highest level.  Vanillic acid significantly (p £ 
0.05) ranged between 8.57 and 15.46 mg 100 g-1 and it was the main phenolic acid in 
Merlot and Tanat pomace. Moreover, ferulic acid was found in Merlot and Tanat 
pomace (0.67 and 2.78 mg 100 g-1) and trans-resveratrol was found in Merlot and 
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Cabernet Sauvignon (0.58 and 0.62 mg 100 g-1). Sagdic et al. (2011) evaluated the 
phenolic compounds in pomace extracts from five grape cultivars by RP-HPLC-DAD. 
They reported that the highest contents of gallic acid and trans-resvetrol ranged 
between 67.48 and 152.45 mg 100 g-1 and between 1.77 and 4.29 mg 100 g-1, 
respectively. Ferulic acid contents ranged between 1.22 and 1.46 mg 100 g-1. 
Furthermore, using supercritical carbon dioxide extraction, Casas et al. (2010) 
determined resveratrol content in Palomino fino grapes pomace of 0.9 mg 100 g-1. 
As mentioned in several studies on fruits, vegetables, grains and herbs, the 
main interest in phenolic compounds lies in their antioxidant capacity (Velioghu et al., 
1998; Haminiuk et al., 2012b; Zielinski et al., 2014). The antioxidant capacity of grape 
pomace was determined as radical scavenging ability by DPPH●, ABTS, and Fe2+-
chelating ability assays and all results were expressed as EC50. Antiradical capacity is 
defined as the amount of extract necessary to decrease the radical concentration by 
50%. The lower EC50, values, the higher will be their antioxidant power.  
DPPH● assay ranged from 5.05 to 6.54 mg mL-1 for ethanolic extracts of grape 
pomace. The phenolic extract of Cabernet Sauvignon pomace had the highest (5,05 ± 
0,04 mg mL-1) antioxidant capacity, determined by DPPH test (p£0.05). EC50 values in 
the DPPH test for methanol extracts from five Sicilian red grape pomace ranged 
between 14 and 39 mg mL-1 (Ruberto et al. 2007). EC50 values of red grape (Manto 
Negro) pomace had higher antioxidant activity (1.41 mg mL-1) when all results are 
compared.  
Since Nixdorf and Hermosín-Gutiérrez (2010) studied the most important low 
molecular phenolic compounds in wine made from Isabel grape (anthocyanins, 
pyranoanthocyanins, ﬂavonols and hydroxycinnamic acid derivatives) and failed to find 
any correlation between them and antioxidant activity, they suggested the contribution 
of other phenolic compounds to the grape´s antioxidant capacity.  
Results of ABTS assay varied between 0.71 and 1.34 mg mL-1, whereas the 
ethanolic extract from the Merlot (0,71 ± 0,01 mg mL-1) and Cabernet Sauvignon (0,76 
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± 0,01 mg mL-1) grape pomace (p>0.05) showed higher antioxidant scavenging among 
the samples evaluated. Zhang et al. (2011) evaluated the free-radical scavenging 
properties of grape cane extracts from 11 grape cultivars using ABTS assay and 
provided results which ranged between 23.64 and 71.55 μg mL-1. The analysis showed 
that the ABTS method did not have any correlation with the phenolic compound 
contents (data not shown). 
Redox-active metals have the function of redox cycling reactions and may 
produce reactive radicals such as superoxide anion radical and nitric oxide in biological 
systems. The accumulation of metal ions causes oxidative stress due to the formation 
of Reactive Oxygen Species (ROS) (Sánchez-Vioque et al., 2013). Fe2+-chelating 
ability assay ranged from 44.84 to 72.98 mg mL-1 for the grape pomace evaluated 
where the Merlot variety showed the highest antioxidant capacity (44,84 ± 6,24 
mg mL-1). Metal chelating ability of Muscadine grape pomace extract was evaluated by 
Wang et al., (2010). The authors detected a similar reducing power of BHT at a 
concentration of 100 µg mL-1. Katalinic et al. (2010) studied fourteen varieties of white 
and red grape pomace and concluded that phenolic compounds mixtures of red skin 
extracts generally had better reducing power due to the ability of ferrous ion assay in 
the presence of anthocyanins. 
“Iron is essential to nearly all known organisms, however, excessive iron can be 
toxic, because free ferrous ions react with peroxides to produce free radicals, which 
can damage some biological molecules, such as DNA, proteins, lipids, and other 
cellular components” (Wang et al., 2010). Therefore, metal chelating activity of grape 
pomace of the variety Vitis viniferas could be beneficial to the human health (Wang et 
al., 2010). 
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CONCLUSIONS 
Results found in current study showed that grape pomace is a rich source of 
minerals, fibres, lipids and phenolics. Polyunsaturated fatty acids are its principal fatty 
acids. Cabernet Sauvignon pomace showed the highest contents of total phenolics, 
total flavonoids and total anthocyanins. The ethanolic extracts of grape pomace 
revealed high antioxidant power in the three assays undertaken. Nevertheless, dried 
pomace may be potentially the source of the bioactive compounds for food 
enrichment, enhancing the nutritional value and improving storability of different 
processed foods. Finally, the grape pomace may be applied to reduce lipid 
oxidation in meats owing to its antioxidant properties. 
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Table 1 Physicochemical properties of pomace obtained from three different grape 
varieties. 
Analysis Merlot Tanat Cabernet p-value* p-value** 
Moisture (%) 9.35a ± 0.13 4.02b ± 0.25 3.46c ± 0.23 0.23 <0.001 
pH 3.69b ± 0.13 3.59a ± 0.05 3.77c ± 0.07 0.13 0.13 
Minerals (%) 5.62a ± 0.14 5.42a ± 0.02 4.66b ± 0.10 0.12 <0.001 
Pectin (%) 6.99a ± 0.19 4.59b ± 0.18 3.46b ± 0.21 0.07 <0.001 
Total fibres (%) 48.04b ± 2.67 43.68c ± 1.52 52.43a ± 0.95 0.17 0.01 
Total acidity (g.100g-1) 3.62b ± 0.11 4.22a ± 0.16 3.57b ± 0.31 0.14 0.02 
Total lipids (g.100g-1) 8.43b ± 0.23 7.80c ± 0.22 8.95a ± 0.30 0.71 0.01 
Note: Results expressed as mean ± standard deviation.* Probability values obtained by the 
Levene test for homogeneity of variances; ** Probability values obtained by t-test, one-way 
ANOVA. Means in the same line followed by different letters are significantly different 
(p≤0.05).
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Table 2 Fatty acids composition in milligram per gram of total lipids of grape pomace  1 
 Merlot Tanat Cabernet p-value* p-value** 
16:0 85.43c ± 1.68 92.66b ± 0.83 110.97a ± 1.44 0.47 <0.001 
16:1 n-7 10.85b ± 0.50 13.21a ± 0.42 7.04c ± 0.26 0.41 <0.001 
18:0 26.75c ± 0.37 30.97b ± 0.32 38.77a ± 1.53 0.09 <0.001 
18:1 n-9 118.15c ± 1.74 141.54a ± 1.55 126.24b ± 3.76 0.17 <0.001 
18:2 n-6 684.47a ± 1.20 637.85b ± 4.85 627.21c ± 7.37 0.20 <0.001 
18:3 n-3 11.26c ± 0.20 14.97b ± 0.38 19.97a ± 0.37 0.37 <0.001 
20:0 3.12b ± 0.15 3.45a ± 0.11 3.25ab ± 0.08 0.52 0.03 
20:1 n-9 2.57ª ± 0.10 2.19b ± 0.09 0.89c ± 0.04 0.55 <0.001 
22:0 1.47c ± 0.04 1.88b ± 0.03 2.42ª ± 0.12 0.08 <0.001 
24:0 1.03c ± 0.06 1.25b ±0.01 1.67ª ± 0.07 0.12 <0.001 
SFA 117.79c ± 1.87 130.21b ± 1.06 157.07ª ± 0.08 0.14 <0.001 
MUFA 131.56ª ± 1.97 156.95b ± 1.43 134.17b ± 3.62 0.22 <0.001 
PUFA 695.73ª ± 1.21 652.82b ± 5.16 647.17b ± 7.56 0.25 <0.001 
n-6/n-3 60.80ª ± 1.10 42.62b ± 0.85 31.43c ± 0.82 0.81 <0.001 
SFA/PUFA 0.17 0.20 0.24 
  
TFA 945.08 ± 4.71 939.97 ± 6.63 938.41 ± 5.45 0.85 0.38 
Note: Results expressed as mean ± standard deviation.* Probability values obtained by the 2 
Levene test for homogeneity of variances; ** Probability values obtained by one-way ANOVA. 3 
SFA: saturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: polyunsaturated fatty acid, 4 
TFA: total fatty acid. Means in the same line followed by different letters are significantly 5 
different (p≤0.05). 6 
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Table 3 Phenolic content in grape pomace 7 
Analysis Merlot Tanat Cabernet 
p-
value* 
p-
value** 
Total Phenolic 
Compounds 
(mg GAE.100 g-1) 
3,762.42b ± 
121.06 
3,014.55c ± 
9.09 
5,101.82a ± 
119.03 
0.12 <0.001 
Total Flavonoids 
(mg CTE.100 g-1) 
2,121.84b ± 
28.71 
1,648.28c ± 
72.99 
2,983.91a ± 
51.76 
0.29 <0.001 
Total Monomeric 
Anthocyanin  
(mg cya-3-glu.100 g-1) 
1,576.37b ± 
77.03 
1,246.85c ± 
64.27 
2,092.93a ± 
71.57 
0.15 <0.001 
Gallic Acid (mg.100 g-1) 10.02b ± 0.03 8.20c ± 0.03 12.88a ± 0.02 0.94 <0.001 
Vanillic Acid (mg.100 g-1) 
15.42a ± 0.06 11.11b ± 0.03 8.57c ± 0.02 0.10 <0.001 
Ferulic Acid (mg.100 g-1) 0.67b ± 0.01 2.78a ± 0.01 nd 0.78 <0.001 
Resveratrol (mg.100 g-1) 0.58b ± 0.01 nd 0.62a ± 0.01 0.53 <0.001 
Note: Results expressed as mean ± standard deviation.* Probability values obtained by the Levene test 8 
for homogeneity of variances; ** Probability values obtained by one-way ANOVA. 9 
nd: not detected. Means in the same line followed by different letters are significantly different.  10 
 11 
 12 
